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Determination of remaining life of rigid airfield pavement generally involves a
combination of engineering judgment and results of discrete test applications on the
pavement and subgrade. Fatigue of pavement is almost never directly observed when
examining long-term pavement performance of airfields. Observation and detection of
distress and response can assist in assessing the remaining pavement life of in-service
rigid pavements. In this study, accelerated pavement testing (APT) was employed to
assess the remaining life of Runway 16/34 at Fort Worth Meacham International Airport
in Forth Worth, Texas. A traffic model was established using reported Federal Aviation
Administration aircraft operations. The pavement response, including the impact of
fatigue, was observed under super-accelerated pavement (SAP) testing with input from
the established traffic model. Investigation of the pavement consisted of two phases.
The first phase involved continuous deflection profiles of the entire runway using the
Rolling Dynamic Deflectometer (RDD). From the runway deflection profiles, candidate
test locations were selected and tested to determine potential test locations outside of the
main runway, as operational constraints prohibited testing of the main runway. A
comparison of deflection responses was made between Runway 16/34 and the candidate

Vi



locations. Three test locations adjacent to Runway 16/34 were selected: Taxiway AG, the
South Run-Up area, and the North Run-Up area. The second phase of this study
consisted of evaluating the remaining life of the rigid airfield pavement using a
reconfigured SAP testing application of the RDD, referred to as the Stationary Dynamic
Deflectometer (SDD). Nearly 200,000 applications were applied to three independent
test points (center, edge, and corner) at each selected test location. Deflection responses
were measured and analyzed, resulting in two principal findings. First, visible crack
development did not occur for the duration of SDD SAP testing and as a result no
subsequent fatigue failure. Second, an acceptable deflection response of the airfield
pavement, by three independent test slabs, supporting a relatively sufficient remaining
pavement life. Variations occurred among the three test slabs, which are attributed to
numerous observed conditions including environment, aircraft traffic, and construction
composition. Based on the SDD SAP testing, aircraft traffic alone should not
significantly degrade the pavement over the next 20-year period. However, the impact of
other factors (environmental conditions, subgrade conditions, traffic growth, etc.),

combined with aircraft traffic, have not been assessed in this study.

The views expressed in this study are those of the author and do not reflect the official

policy or position of the United States Air Force, Department of Defense, or the United

States Government.
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Chapter 1 — Introduction

11 INTRODUCTION

Pavements can be divided into three major categories based on composition:
flexible, rigid, and composite. Flexible refers to pavements composed of bituminous
and granular materials. Rigid refers to pavements composed of Portland cement
concrete (PCC). Composite refers to a combination of the both flexible and rigid.
The following study focuses on the behavior and performance of rigid pavements
under loading, specifically addressing the deflection response and subsequent
remaining life of an in-service airfield pavement.

In examining the response of pavements under loads, manifestations of
distress compromise long-term pavement performance. Fatigue of concrete is a major
concern in examining the long-term pavement performance of airfields, which often
undergo heavy-wheel load applications. Early studies by the Illinois Division of
Highways showed that flexural stress induced in concrete pavement under different
loading scenarios could be endured indefinitely, provided the intensity never
surpassed 50% of the modulus of rupture (Huang, 2004). These studies enabled
empirical pavement performance to be applied to a theoretical design. Fatigue of
concrete is typically manifested in the form of cracking and can be the result of
secondary stresses like curling, where expansion and contraction result in a
temperature gradient across the depth of a rigid slab. In general, cracking
compromises the integrity of the pavement structure and results in reduction of
performance. The phenomenon of pumping, which occurs when water and subbase
are ejected along cracks, joints, and free pavement edges, is another common distress.
Although common, this distress is often limited in rigid airfield pavements due to the
significant thicknesses of both PCC pavement and subsequent base and subbase.

In analyzing in-service rigid pavements, determination of distress and
response can assist in the investigation remaining pavement life. Methods of
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accelerated pavement testing (APT) enable the rapid induction of loads and resulting
manifestations of distress (Coetzee et al., 1999; Hugo and Epps-Martin, 2004; Saeed
and Hall, 2003). The aforementioned manifestation of cracking is a potential visual
consequence of fatigue distress. Other manifestations include an increase in
deflections under loading, which can be a result of subgrade deformations and
deterioration. An increase in deflections over time establishes a condition for the
onset of deterioration of pavement performance. Typical deflection values produced
on rigid pavements can range from trace up to 30 mils (Dong and Hayhoe, 2002). In
addition, joints, while necessary for long-term rigid pavement performance and
control of expansion and contraction, provide points of discontinuity where increased
deflections occur which can degrade under active vehicular loading scenarios. This
condition can expedite further development of manifestations of distress and overall
reduction in pavement performance. Joint transfer efficiency enables quantification
of joint response under loading. Observation of this pavement response enables APT
results to be quantified and predictions on future pavement performance to be made.

12 THESIS CONTENT AND RESEARCH OBJECTIVES

At the request and funding of the Aviation Division of the Texas Department
of Transportation (TxDOT), the University of Texas Austin, Department of Civil
Engineering, Geotechnical Engineering Center conducted a series of pavement tests
on Runway 16/34, the main runway at Fort Worth Meacham International Airport,
Fort Worth, Texas in July and August 2004. The objective of this testing was to
assess the remaining life of the main runway (Runway 16/34) by establishing a traffic
model and observing pavement response under accelerated testing of the established
traffic model. The initial testing phase involved performing continuous deflection
profiles over the entire runway. This phase consisted of continuous deflection
profiling along the midslab of each of the six slab-width lanes, using the Rolling
Dynamic Deflectometer (RDD), a method of continuously profiling the pavement.
The RDD can also be reconfigured to perform as a Stationary Dynamic Deflectometer
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(SDD), with which a form of APT can be performed. The second phase of this study
involved such testing at Fort Worth Meacham International Airport. Additional
continuous deflection profiles were obtained along the longitudinal joints on the north
end of the runway. This work was performed to investigate the relative response of
all slabs and joints on the runway. The data from this July 2004 testing are also
compared to deflection profiles produced by similar RDD testing conducted in May
2001 to investigate any changes with time.

The second phase of this project involved evaluating the remaining life of the
rigid pavement at Fort Worth Meacham International Airport. This phase involved
performing one type of APT. The APT performed consisted of using the SDD to
perform super-accelerated pavement (SAP) testing in August 2004. Details of the
SDD device and testing methodology are discussed at length in Chapter 3. The term
“super-accelerated” pavement testing has been coined for any APT method which
occurs over a very short time period and involves a high volume of load applications,
on the order of 1,000,000 load applications in a single day of testing (Stokoe et al.,
2000). This term is further explained in the presentation of SDD methodology in
Chapter 3. The objective of this testing was to process the actual traffic history
experienced by the runway, in order to develop and test a model for future traffic.
Future traffic was forecasted for 20 years and then incrementally divided for
application through SAP testing. Fatigue cracking and joint transfer efficiency was
monitored closely to determine pavement response to loading.

13 THESIS ORGANIZATION

The following study introduces the methodology of APT (Chapter 2) and SAP
testing (Chapter 3), where both RDD continuous deflection profiling and SDD SAP
testing are presented. Information on the airport setting and usage (Chapter 4) is
presented for situational familiarization. The remainder of the study focuses on
procedure for assessment (Chapter 5), traffic model development (Chapter 6), testing
(Chapter 7 and 8), and data analysis (Chapter 9) to facilitate determination of rigid
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pavement response to the aforementioned SAP testing. With the results of the
pavement response, conclusions are made regarding the determination of remaining
life on the airfield and recommendations made for future development (Chapter 10).



Chapter 2 — Review of Accelerated Pavement Testing

2.1 INTRODUCTION
In this chapter, the history and development of accelerated pavement testing

(APT) is discussed. APT dates back to the early 20™ century. Moving forward from
the development of early techniques, an examination of the current state of APT is
presented. The current state includes applications on both flexible and rigid
pavements at test tracks and controlled facilities. With the focus of this research
directed on testing of airfield pavements, recent investigations conducted on airfields
are presented with an examination of efforts made both in the United States and

Europe.

2.2 HISTORY OF ACCELERATED PAVEMENT TESTING
The Transportation Research Board (TRB) and the National Cooperative

Highway Research Program (NCHRP) defines accelerated pavement testing as “the
controlled application of a prototype wheel loading, at or above the appropriate legal
load limit, to a prototype or actual, layered, structural pavement system to determine
pavement response and performance under a controlled, accelerated accumulation of
damage in a compressed period” (Metcalf, 1996). Pavement response from APT
applications has been used in determining design constraints and evaluations of in-
service pavements. The earliest APT applications date back to 1919 with a test track
in Arlington, Virginia. The circular track was loaded by a continuously moving
truck. Results contributed to the early standards of concrete pavement design. The
main advantage of APT is the expeditious nature of evaluating pavements through the
ability to provide numerous loading cycles in a relatively compressed time period
(Saeed and Hall, 2003). The writer notes that APT is sometimes referred to as
accelerated load testing (ALT), particularly in Europe.



Since the early days, state departments of transportation and federal agencies,
like the Federal Highway Administration (FHWA) and Federal Auviation
Administration (FAA) have been heavily involved in APT research within the United
States. Most notably, the AASHO (American Association of State Highway
Officials) Road Test in 1950 provided the groundwork for design and construction
practices still used today in the field of highway pavement engineering (TRB, 1962).
This experiment involved extensive round-the-clock loading applications through six
full-scale test loops. Different sections of the track were comprised of both flexible
and rigid pavements with varying design parameters. Varying surface, base, and
subgrade thicknesses were tested under similar environmental and loading conditions,
providing a sensitivity analysis for various design constraints.

Over the past thirty years, worldwide activities have resulted in further
advances in the field of APT, with Australia, Denmark, South Africa, France, Britain,
and the Netherlands playing a significant role (Coetzee et al., 2000). According to a
recent survey conducted by the NCHRP, there are 15 APT operational capabilities
throughout the United States. Four of these operations are mobile, allowing in-
service testing to be performed at varied locations, versus a fixed facility with a
pavement specimen constructed strictly for testing (Saeed and Hall, 2003).

With regard to the focus of this research, APT on airfield pavements, limited
work has been accomplished. The United States Army Corps of Engineers (USACE)
Waterways Experiment Station (WES) has dominated APT research and testing in the
field of airfield pavements, with the earliest airfield testing dating back to 1940
(Coetzee et al., 2000). The majority of the information generated at WES has been
conducted on full-scale testing systems, performed primarily in controlled facilities
on test pads constructed specifically for research. Limited APT research or testing
has been accomplished on existing in-service airfield pavements.

In-service pavement testing methods conducted on airfields has been
primarily limited to the falling weight deflectometer (FWD), the dynamic cone
penetrometer (DCP), testing of cores, and pavement condition index (PClI)
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assessments. These test methods allow various assessments of pavement quality and
subgrade conditions to be made, but they are limited by the discrete nature of each
test application. In addition, these tests do not incorporate long term, accelerated
testing methods, which allow a high amount of loading to occur in a limited period of
time. The following sections discuss the current state of APT and recent research
conducted in the field of APT on airfield pavements.

2.3  CURRENT STATE OF APT
There are currently 28 active APT programs worldwide, with 15 of the

programs based within the United States (Hugo and Epps-Martin, 2004). The bulk of
these programs are being conducted at fixed facilities. The majority of APT, which
has been carried out over the years, has been accomplished on flexible pavements
commonly referred to as asphalt concrete (AC) pavements. Rigid pavements also
known as Portland cement concrete (PCC) pavements have received limited attention.
This is a by-product of the overall makeup of pavement types worldwide. The focus
of APT research has been on improvement of design, performance, and maintenance
of the network of roads worldwide. In the United States, the paved public road
network totals over 2.5 million miles, of which less than 3% are rigid pavements
(FHWA, 2002). Most test tracks have been comprised predominantly of AC test
pads, with minimal representation of PCC test pads. Upon examination of pavement
data from a recent FHWA study, only 5 of the 12 active facilities within the United
States directly address and test rigid pavements, with the remainder focused on
flexible pavements or composite pavements (Saeed and Hall, 2003). Table 2.1
presents a listing of most active and inactive facilities. Rutting has been a
predominant source of failure in AC pavements and subsequently the focus of long-
term effects within APT research.



Table 2.1 — United States APT Facilities (from Saeed and Hall, 2003)

Facility Name and Location Facility Designation Owner Agency

Advanced Trans

ATREL University of Illinods at Urbana-Champaizn
Engineening Lab ’m:'r' . =
Caltrans Accele
(CAL-APT) H WSy |CAL-APT California Department of Transportation

'-‘r"g 'am ? cl

Cold Regions Fesearch and

CRREL-HVS

Jorator il ine abaratory
rch :a:‘lht\': Hm‘.cﬂ.'e.‘. NH Engineering Labor
ment Test Facility (PTF); FHWA-PTF Federal Highway Admimistration
FL-APTRF Flonda Department of Transportation
__u - DO Purdue APT Facilit INDOT/Purdue Indiana Department of Transportation
Lafayette, IN - -
:{ :-:_e,]e:atec. Pavement Testing (APT): KS-APT Kansas State Umiversity
.KS§ :
Louisiana Transportation Fesearch Center
(LTRC) Pavement Research Facility (PRF); |LTRC-PRF Lowsiana Transportation Research Center
Port Allen, LA
NISs B nﬂ ~
Il 1 0 R' d Researct Pm_]e MnROAD Mimmesota Department of Transportation
Minneapolis, M2 5 5
ter for Asphalt Technology
Test Track (PTT); Aubum |NCAT-PTT National Center for Asphalt Technology
ated Pavement Loading Facility - - . S .
=Y | OH-APLF Ohio Umversity/Oluo State University

'-‘=“JSI e(:"S avement Durability Faci lt\t

(PDE}: College Park. PS-FDF Pennsylvania State Umversity
lj‘i\: ) 1]: tle Load Simulator (TxMLS): T=MLS Texas Department of Transportation
us.

my Cm], of Engineers Waterways
Experiment Statien (W E'S HVS; Vicksburg, |WES-HVS

MS

WesTrack’™ Reno, NV WesTrack Nevada Automotive Test Center

Engineers Research and Development
Center

*under construction. © inactive facility, ¥ not in operation

Generally speaking, APT has been applied to either test roads or test tracks.
Test roads refer to test road sections where loading is achieved by actual traffic or
actual test vehicles. Test tracks refer to test sections where loading is achieved by
specially designed mechanical systems (Coetzee et al, 2000). Test tracks have been
constructed throughout the world, comprised of either linear or circular tracks. Test
roads can include actual in-service experimental pavements, which are selected
stretches of highway where performance and behavior are observed under a specified
program. The FHWA established, under its Strategic Highway Research Program
(SHRP), one such program called the Long-Term Pavement Performance (LTPP)
studies. LTPP is a 20-year study that was started in 1987. In the LTPP study, 2,400



flexible and rigid highway segments located throughout the United States and Canada
are being monitored and maintained at the local level (FHWA, 2004). Figure 2.1
illustrates the expanse of this study, encompassing extreme variations in climate and
soil types.
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Figure 2.1 — LTTP Test Section Locations (from FHWA, 2004)

Both test roads and test tracks provide a capable approach to APT with some
apparent limitations. Test roads provide evidence of pavement performance but are
typically limited in environmental control. Test tracks provide a more controlled and
restricted climate and environment and can be constructed in a linear or circular
arrangement. Circular tracks are able to operate at high speeds, testing several
independent sections; however, failure of one section can affect results of adjacent
sections. Linear tracks are limited by both speed constraints and the two-way nature
of loading, which can affect the pavement response and performance (Metcalf, 2001).
This linear version of testing includes the mobile devices mentioned in Section 2.2.
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The major limitation of in-service testing is that results are only applicable to
the unique local characteristics associated with each respective test. Results are not
always applicable from one location to another. With the research which will be
discussed in later chapters, in-service testing is used to characterize response of an
airfield, with the results representative of the pavement performance and response of
the specific location.

2.4  RECENT ACCELERATED PAVEMENT TESTING RESEARCH ON AIRFIELDS
The present-day airport system in the United States is comprised of 6 billion

square feet of rigid and flexible pavement, with a replacement value of approximately
$100 billion. As air traffic continues to grow and evolve, aircraft fleets will continue
to increase in number, total load, gear configuration, and operating speed. Current
operational airport pavements will require billions of dollars in capital improvements
over the coming years (FAA NARP, 2000). Testing has been performed on airfield
pavements both under research funded by the FAA and by the USACE WES to better
understand the capability of today’s pavement with tomorrow’s aircraft. Studies have
begun to determine pavement design standards to accommodate large-scale aircraft in
excess of 1,000,000 pounds (FAA NARP, 2004).

2.4.1 Federal Aviation Administration National Airport Pavement Test Facility
Due to the proposed manufacturing of large-scale aircraft, the FAA has

developed a full-scale testing capability at the National Airport Pavement Test
Facility (NAPTF), located at the William J. Hughes Technical Center in Atlantic
City, New Jersey. Commissioned in 1999, this testing center is designed to recreate
landing gear loading configurations for full-scale testing for airfield pavements. The
machine used in the APT testing at the facility is the largest APT apparatus in the
world, capable of configuring two complete landing gear assemblies with up to 6
wheels on each (Coetzee et al., 2000). Figure 2.2 shows the NAPTF and the APT
apparatus it employs. The results of testing will be used as input to future methods
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for design, construction, and evaluation of airfield pavements. Testing and research
is driven by the need for improved design methods, due to spatial changes and
increasing loads associated with landing gear configurations.

Figure 2.2 - NAPTF Apparatus and Gear Assemblies (from FAA NAPTF, 2004)

The test facility includes nine independent test pavements constructed to
specific tolerances. The test track is environmentally controlled by a covered facility
and measures 900 ft in length and 60 ft in width. Figure 2.3 illustrates the sheer
magnitude of the facility. Both rigid and flexible pavement structures can be tested
with variance in subgrade design incorporated with unbound aggregate and stabilized
base. Test speeds are limited to 2.5 to 5 mph with wandering incorporated for each
pass, with an equivalent dummy gear load of up to two Boeing 747 or 777 landing
gears. In recent testing scenarios, a cycle of 66 repetitions was used with embedded
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sensors for sufficient determination of various pavement responses. Over 1,000 static
and dynamic sensors have been incorporated to determine temperature, moisture,
strain, and deflection in the pavement. Data has not been made public, but will be
used in new pavement design standards in 2007 (FAA, 2004).
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Figure 2.3 — Test Pavement Construction at NAPTF (from FAA NAPTF, 2004)

With the expected arrival of large-scale jumbo jets for commercial operation,
multiple studies have been conducted at the NAPTF. An example of a recent study
includes research to determine minimum requirements to widen existing standard
150-ft runway widths for flexible pavements under Airbus A-380 operations. The A-
380 is classified as a Group VI aircraft, requiring 200-foot wide runways. Many
airports in operation are only classified up to Group V aircraft with a standard 150-
foot runway width. In a study conducted, considerable surface deformation was
observed with each pass of the A-380 equivalent gear on the asphalt concrete
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pavement (Joel, 2004). Different sections were tested with the dimensions of the AC
surface and base remaining constant, while varying depth of subbase. Ultimate
results provided allowable A-380 coverages given a specific subbase construction.
Table 2.2 provides details of allowable A-380 coverages for the subbase tested.
Subbase layer parameters were assumed to be: (1) elastic modulus (E) of 37,500 psi
and (2) California bearing ratio (CBR) of 29. Aircraft coverage is a term which takes
into account the fact that not every pass of every aircraft is considered a repetition in
design practices. A single coverage is defined “when each point in the pavement
within the limits of the traffic lane has experienced a maximum stress, assuming the
stress is equal under the full tire print” (FAA, 2004). Due to the wandering
associated with aircraft take-off, landing, and taxiing operations, several passes may
be required to produce a single fatigue cycle.

Table 2.2 — A-380 Coverages on Flexible Test Pavement with Subbase of
E=37,500 psi and CBR = 29 (from Joel, 2004)

Section Surface Base Subbase Allowable coverages
LEC1 s g" 16.0" 87

EBG&3 s" g" 19.72" 241

LFC2 " g" 24" 622

2.4.2 A-380 Pavement Experimental Programme — Toulouse Blagnac Airport
APT on airfield pavements has seen limited attention internationally.

Recently, the French Civil Aviation Administration and the French Roads and
Bridges Laboratory in coordination with Airbus have contributed to testing on rigid
pavements at Toulouse Blagnac Airport (Fabre et al., 2004). The A380 Pavement
Experimental Programme (PEP) is a two-fold study to assist in the final landing gear
configuration selection for the new widebody Airbus A-380 and to assist in
comparing actual pavement response under new large-scale aircraft to finite element
model predictions. Airbus S.A.S. developed a heavy aircraft landing gear simulator
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for use during experimental testing. The results and analysis of this testing are still
pending.

2.4.3 Heavy Vehicle Simulator Related Research
As well as APT conducted in test facilities, equipment has also been

developed and used to assess and evaluate in-service pavements. A Heavy Vehicle
Simulator (HVS) manufactured by Dynatest International has been used in many
countries. The HVS is a mobile trailer, with a single or dual wheel assembly capable
of testing uni-directionally or bi-directionally with loads ranging from 7 to 45 kips.
Although mobile, the HVS is massive in size; it has dimensions of 75 feet in length,
12 feet in width, 13.5 feet in height, and a weight of 50 tons. The HVS is
hydraulically-operated and fully-automated system which applies a load along a
moving wheel load on a test beam over a distance of 6 meters (approximately 20
feet), with an automated capability for lateral wander. The system is capable of
simulating 20 years of traffic in the period of three to six months (upwards of 4.5
million passes).

USACE has led the way in exclusively testing airfield pavements through the
procurement of a specially built super-heavy HVS (HVS-A Mark V), capable of
simulating wheel loads over a range of 10 to 100 kips over a linear testing area of
12.2 meters (approximately 40 feet) (Dynatest, 2004). The HVS-A Mark V is the
world’s largest portable device used for imposing accelerated traffic on pavements.
Figure 2.4 shows the HVS Mark IV model in operation at the USACE Cold Regions
Research Laboratory (CRRL) in New Hampshire. Figure 2.5 shows the HVS-A Mark
V in operation at an active airfield. In November of 1998, the Geotechnical and
Structures Laboratory at the Engineer Research and Development Center (ERDC)
located at the USACE WES accepted delivery of this one-of-a-kind device. The
device is being used for three different applications: high repetitions of heavy aircraft
loads, low-volume roads, and trafficking on beach and soft soils. The device is
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capable of applying loads at 8 mph, equating to 15,000 passes per 24 hour period of
testing.

Figure 2.4 - HVS Mark IV at USACE CRRL - Hanover, New Hampshire (from
CRREL, 2004)

Figure 2.5 — Operational HVS-A Mark V (from Dynatest, 2004)
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The objective for the USACE WES application and testing with the HVS-A
Mark V is primarily to determine pavement response and performance under high
repetitions of heavy loading. Data from current testing is being used to calibrate and
validate computational models being developed by the ERDC. The purpose of these
models is to improve and refine design conservatism measures and to better predict
pavement performance (WES ERDC, 2004).

In addition to the recent WES focus on testing airfield pavement response, the
USACE Cold Regions Research and Engineering Laboratory (CRREL) in Hanover,
New Hampshire has incorporated HVS testing into research on subgrade response.
At the Frost Effects Research Facility (FERF), a controlled environment is used to
conduct testing on freeze/thaw effects on pavement, soils, and other materials. Since
CRREL procured an HVS in the late 1990’s, it has focused its APT investigations on
subgrade testing. Subsurface testing temperature capability ranges from -35° F to
+120° F at FERF (USACE CRREL, 2004).

In general CRREL has focused its APT research on subgrade and bituminous
pavements. Research has included effects of subgrade moisture contents on surface
load carrying capacity (Darling, 2004). Other research investigation includes
utilization of the HVS to support computer simulation results which has shown
reduced truck tire pressure can significantly decrease damage to thin AC pavements
and increase the life of the pavement. The HVS was applied to chip seal test sections
with a frost depth of 4 ft (1.3m). Panels were trafficked during thawing sequence,
using tire pressures of 100, 60, and 35 psi (689, 410, and 230 kPa), with considerably
more deformation occurring at the higher tire pressure (Kestler, 1999).

Other work has focused on the phenomenon of rutting within flexible
pavements. A study has been sponsored by the FHWA, in cooperation with CRREL
and many leading international laboratories, to investigate the performance of
subgrade materials in flexible pavement structures in order to improve and upgrade
the failure design criteria used within current mechanistic design standards (Janoo et
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al., 2003). Test slabs were created to simulate four different subgrade types under
three varying moisture contents. Test slabs were then loaded using the HVS. Coaxial
and coplanar coil gages were installed in the subgrade to determine permanent
deformation from loading and resultant permanent strain. Vitel gages were used to
determine moisture contents, with earth pressure cells installed to determine dynamic
stresses in subgrade layers. Preliminary results have shown the rut development as
function of the number of passes. A sample of this observed performance is
presented in Figure 2.6. Additional information on the effects of subgrade conditions
will be presented in future proceedings from the study (Janoo et al., 2003).
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Figure 2.6 — Sample Rut Development with Number of Passes (from Janoo et al.,
2003)

25  SUMMARY
A state-of-the-practice review of accelerated pavement testing is presented to

illustrate the current allocation of resource initiatives within the field. APT has been
a key resource in the development of design and performance standards for
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pavements. As shown, the majority of the focus of APT research has been on flexible
pavements, the largest need within the pavement industry. However, over the past
decade, development of heavy load capable devices has enabled the field of APT to
incorporate rigid airfield pavement testing. This incorporation is still in its infancy
with the majority of the focus on subgrade and flexible pavement analysis.
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Chapter 3 — Background on Rolling Dynamic Deflectometer and
Stationary Dynamic Deflectometer Applications

3.1  INTRODUCTION
In this chapter, the development of the Rolling Dynamic Deflectometer

(RDD) is presented to provide a better understanding of its origin and capabilities.
An examination of the methodology of the RDD illustrates how the device and its
systems operate. Recent research is presented to provide further background on the
RDD testing capability. The RDD is capable of being adapted for use as the
Stationary Dynamic Deflectometer (SDD). The development of this adaptation is
also presented along with its methodology. The SDD is fairly new capability, and
research and testing accomplished thus far is presented to familiarize the reader with
the SDD capability.

3.2  DEVELOPMENT OF THE ROLLING DYNAMIC DEFLECTOMETER
The Rolling Dynamic Deflectometer (RDD) was developed at the University

of Texas at Austin in 1996 by Dr. James Bay and Professor Kenneth H. Stokoe Il
(Bay, 1997). The idea for the device was generated by the need for a more
comprehensive nondestructive testing method (NDT), for pavement evaluations. At
the time, a large portion of the nation’s pavement infrastructure had reached its
effective design life and had begun to deteriorate. A need developed for an accurate
nondestructive testing method to more thoroughly assess the changing conditions of
pavements (Bay and Stokoe, 1998). Out of this need developed a continuous
deflection measurement capability. This capability was the impetus for the
development of the RDD. Prior to this development, deflection measurements were
produced through discrete methods. Although effective, these methods enabled only
a limited view of the response of the pavement. The development of the RDD
brought about a capability of continuously testing over a given distance, while
producing real-time continuous deflection data. This continuous measurement
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capability enables a relative comparison of deflection measurements over extensive
distances; thereby avoiding the inaccuracies inherent to discrete testing methods.
The benefits of continuous pavement testing, enable improved infrastructure
management and tracking of pavement condition, thereby improving utilization of
rehabilitation, maintenance, and repair initiatives.

The inception of the RDD came about through modifications to a Vibroseis
truck. A Vibroseis truck is used in the geophysical exploration industry for imparting
a well-controlled (but adjustable) set of sinusoidal loading conditions to the ground
surface. The electrohydraulic loading system of the Vibroseis was modified with
specialized loading rollers that allowed large sinusoidal dynamic forces to be applied
to the test pavement surface, while the truck is moving. Deflections induced in the
pavement are measured by rolling sensors designed to minimize noise created by
surface roughness of the pavement (Bay and Stokoe, 1998).

The RDD has a gross weight of approximately 49 kips. The servo hydraulic
vibrator has a 7.5 kip weight; capable of inducing peak-to-peak dynamic forces of 2
to 70 kips. The frequency range of the system is 10 to 100 Hz. The hydraulic system
is capable of producing a static load ranging from 2 to 40 kips. Deflection testing is
performed while the device moves at speeds along the pavement of 1 to 2 fps (up to
1.5 mph). Figure 3.1 gives a present day view of the RDD. Figure 3.2 outlines the
schematic of the device, noting the position of a typical sensor configuration with
respect to the loading system and rollers. The sensor configuration can be modified
to fit the requirements of specific tests (Bay and Stokoe, 2000). Figure 3.3 shows a
typical rolling sensor used in RDD operations. There are a number of sensor
configurations that are possible during deflection testing. The rolling sensor
configuration with the sensor towing system is further discussed and illustrated in
Section 3.3.
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Figure 3.1 — RDD at Fort Worth Meacham International Airport
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Figure 3.2 — RDD and Key Components (from Bay and Stokoe, 1998)
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Figure 3.3 — RDD Rolling Sensor

3.3 METHODOLOGY OF THE ROLLING DYNAMIC DEFLECTOMETER
During testing, a hydraulic pump powered by a separate diesel engine on the

rear of the vehicle applies combined static and dynamic loads to the pavement
through two loading rollers. To generate the dynamic force, a reaction mass is forced
up and down by hydraulic sinusoidal pressure, shown in Figure 3.4 which illustrates
the complete RDD loading system. The hydraulic pressure is created by the cycling
of hydraulic fluid within the chambers of the hydraulic actuator. The system is able
to generate a peak force of 35 kips, which translates to a 70 Kip peak-to-peak dynamic
capability (Bay, 1997).

22



Reaction Mass

Hydraulic Actuator

Stilt Structure

Static
Force

Static

Force Loading
Frame

Air
Spring a 7 Spring

Rolling ‘ Loading Rolling
Deflection N Rolling Roller Deflection
Roller .
Sensor Deflection Sensor
Sensor

Figure 3.4 — Cross-Sectional View of the RDD Loading System (from Bay and
Stokoe, 2000)

A static force is required to ensure the dynamic force does not render the
device unstable or lift the RDD off the ground, in turn causing inaccuracies in the
dynamic loading. The static loading system is comprised of the same hydraulic
cylinder used to create the sinusoidal loading and a pair of air springs on both
external sides of the dual loading roller platform. The air springs are intended to
isolate the weight of the truck from the dynamic loading and to reduce vibratory
effects of the testing on the truck itself (Bay and Stokoe, 2000).

The loading capability of the RDD is robust; capable of generating dynamic
loads up to 70 kips. The main limitation of the RDD maximum loading capability is
the combination of the static force capability and the gross weight of the entire
system. The RDD is able to induce comparable loads for highway pavement testing,
but is unable to replicate the full compliment of aircraft loading scenarios. For
instance, aircraft loads can range from below 10,000 pounds to well in excess of
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800,000 pounds. This equates to a single, rear-gear configuration loading range of up
to 300,000 pounds. Typically during deflection testing, the goal is replicate the live
load experienced in the field. With the extremely high loads produced by aircraft, the
70-kip capability of the RDD is surpassed. However, the severity of this limitation is
minimized, since the relative nature of the RDD continuous deflection testing allows
for comparisons to be made at the local level to identify regions of relatively high
deflections within a sizeable pavement structure.

To model properly the pavement deflection profile, rolling deflection
sensors can be arranged to meet the needs of the specific test situation. Figure 3.5
illustrates a typical rolling sensor configuration. A towing system is used to ensure
sensor alignment and minimize wander. Additional sensors can be aligned along the
exterior of either roller. This additional arrangement can be useful in determining
deflection variations away from the loading points or comparing deflections on either
side of a joint. These sensors provide a means for observing dynamic deflections
induced by the applied force. An automated PC-based data acquisition system is used
to monitor and record output from the load cells, deflection sensors, and the global
positioning system (GPS) distance-measuring device.

Loading Roller
il Rolling Sensors *
= i “ |
e . i
* : \ 5 31m.
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Figure 3.5 — Sensor and Towing Configuration (from Bay and Stokoe, 1998)
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3.4 CONTINUOUS PROFILING WITH THE ROLLING DYNAMIC
DEFLECTOMETER

There are five key parameters which affect the output and effectiveness of
continuous RDD testing. These parameters are:

(1) testing velocity along the pavement,

(2) operating frequency,

(3) applied force levels,

(4) data sampling rate and filter settings, and

(5) rolling sensor positions.

Selection of these parameters is necessary to properly set a given test condition.
Specifics surrounding the parameters and procedures, incorporated into the field
testing within this study, are described in Chapter 4.

The final result of RDD testing is a continuous deflection profile along a
linear testing area. In prior testing, displacement peaks have been noted at joints and
cracks. Figure 3.6 illustrates this phenomena differentiating between the higher
deflections seen at dowelled construction joints versus sawn control joints. These
data was collected during example comes from prior testing completed on Runway
16L-35R at Dallas-Fort Worth (DFW) International Airport. Relative joint transfer
efficiency can be assessed over the course of a given testing area, as the effect of the
joint is easily discerned from the profile, with larger deflections detected at the
weaker joints. In addition, higher mid-slab deflections can generally be correlated to
a number of common distress conditions including subgrade deterioration, weaker
fill, and highly cracked slabs. Figure 3.7 illustrates variations in deflections measured
over the extent of a testing area. In this figure, regions of high and low deflection are
classified on a runway deflection profile from DFW International Airport. As
mentioned before, regions that exhibit high overall deflections (not exclusively at the
joints) signify areas of potential distress manifestations.
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Figure 3.7 — Sample Mid-Slab Deflections (from Bay and Stokoe, 1998)

The RDD has been used in numerous research and support projects. These
include continuous deflection profiles at: (1) Interstate Highway 10 at locations at
Orange and Houston, Texas, and (2) runway and taxiway airport pavements at Dallas-
Fort Worth International Airport (as seen in Figures 3.6 and 3.7), Fort Worth
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Meacham International Airport, Seattle-Tacoma International Airport, and Atlanta
Hartsfield Airport. Interstate highway applications have resulted in determination of
highway pavement conditions and subsequent more efficient design of overlays (Bay
and Stokoe, 1998). In airfield applications, both soft and stiff regions of the
pavement have been identified while producing illustrations of distress in highly
trafficked regions. Relative load transfer capability and joint efficiency can be
assessed through examination of deflection profiles (Bay et al., 2000).

As additional research supports the development and progress of the RDD,
applications in the matter of airfield structural evaluations will become more
prominent. As mentioned previously, the RDD has been used extensively in airfield
applications in the civilian sector at runways throughout the United States. There also
exists the potential for direct military applications which often require rapid airfield
assessment, evaluation, and recommendations. The capabilities of the RDD have far-
reaching advantages in structural evaluation of pavements. Relative strengths can be
correlated and assessed immediately following test completion, without a direct
requirement for backcalculation of layer moduli. In addition, weaker areas of an
airfield, such as those where voids may emerge, can be identified and differentiated
from those areas with solid support. Currently the RDD is viewed as a “promising”
technology by the military (Malvar and Cline, 2000). The U.S. Navy hopes to move
toward this technology and further their pavement assessment and profiling
capabilities with the objective of avoiding pavement failures. The U.S. Air Force and
the offices at Air Force Civil Engineers Support Agency (AFCESA) support a
movement toward this technology. In the future, airfield pavement evaluation teams
may replace discrete testing methods, like the falling weight deflectometer (FWD)
with continuous testing methods like the RDD.

It should be noted that other continuous deflection capabilities have been
developed during the same period as the inception of the RDD. These devices
include the Rolling Wheel Deflectometer (RWD) and the High Speed Deflectograph
(HSD). The RWD is a project developed by Applied Research Associates, Inc. under

27



funding from the Federal Highway Administration. The purpose of the RWD is to
develop a device which applies a moving truck load at typical highway speeds, while
taking continuous deflection measurements (Herr et al., 1995). The RWD is based on
spatial coincident methodology, where the difference in readings of four installed
lasers, produces deflection measurements at high speeds (Hall, 1999). Similar to the
RWD, the HSD also is capable of deflection measurements at standard highway
speeds. The HSD has been developed by the Danish Road Institute in cooperation
with the Danish Ministry of Business and Industry. The main difference between the
RWD and HSD is that the HSD determines deflections by particle velocity
measurements of the real-time deflections. In the HSD, laser Doppler sensors are
mounted on a rigid beam attached to a semi-trailer. As the vehicle traverses the
pavement, rays are emitted and the velocity of the deflection is registered by the
sensors. Sudden changes in velocity can reveal discontinuities in the pavement
system. Through data interpretation actual absolute deflection values can be obtained
and moduli backcalculated from the deflection basin (Hildebrand et al., 1999).

3.5  DEVELOPMENT OF THE STATIONARY DYNAMIC DEFLECTOMETER
Recent research has brought an innovative and pioneering potential

application of the RDD device, the stationary dynamic deflectometer (SDD). In this
application, the RDD is used in a stationary mode in which its loading configuration
is altered to impose harmonic loading to a wheel footprint on the pavement surface.
Under this SDD application, load can be applied in the order of one million
repetitions in a 24-hour period. Consequently, this capability is frequently referred to
as super-accelerated pavement (SAP) testing. Results which once required weeks to
months of testing can be acquired in the period of days. Potential benefits include the
reduced time, less expense in testing, and the reduction in traffic loss and required
workarounds for applications with in-service pavements (Stokoe et al., 2000).
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3.6 METHODOLOGY OF THE STATIONARY DYNAMIC DEFLECTOMETER
In using the SDD in SAP testing, the loading area remains stationary and

constant for the duration of the testing. The RDD applies a dynamic load in the same
manner as previously described in Section 3.4. However in adapting the RDD, the
load frame and attached loading rollers are raised, and a load cell is placed at a central
loading point on the load frame. This load cell is then positioned over a
preconfigured loading frame. Figure 3.8a illustrates a typical arrangement of the
SDD for SAP testing. The loading frame can be designed to represent various wheel
loads. An example of a two-point loading frame is shown in Figure 3.8b.
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Figure 3.8 — SDD Configuration and Loading Frame (from Stokoe et al., 2000)

The main intent of SAP testing is to initiate and measure pavement
deterioration during the accelerated load repetitions. Measured deterioration can be
visible distress, permanent surface deformation, cross-sectional deformation (rutting
in AC pavements), cracking, or joint transfer efficiency. A failure criterion is
established for the applicable deterioration indicator for each testing scenario.
Ultimate results are produced in terms of a selected distress measurement versus the
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number of cycles applied. Many variables and assumptions are applied in correlating
field performance to actual loads. This is discussed in further in Chapter 6, which
presents the specific traffic modeled within this testing application. Figure 3.9 shows
the dimensions of the device footprint with respect to the load point for a typical SDD
loading scenario. Under this setup, the 49-kip static load of the device over its wheel
footprint will affect measured deflection results. However, these results provide an
excellent means of relative deflection comparison at multiple locations.

451t E} 45ft

Rear Wheels of SDD
Loading ﬁ/ \ﬂ
Frame

Figure 3.9 — SDD Loading Setup with Dimensions (from Chul et al., 2004)

3.7 SUPER-ACCELERATED PAVEMENT TESTING WITH THE STATIONARY
DYNAMIC DEFLECTOMETER

There are three key parameters which affect the output, effectiveness, and
duration of SDD SAP testing. These parameters are:

(1) frequency of the harmonic load application,

(2) maximum number of cycles for test completion, and

(3) measurements used to characterized pavement deterioration and

manifestation of distress.
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Appropriate selection of these parameters is necessary to analyze properly a given set
of pavement conditions (Bay and Stokoe, 1998). Specifics surrounding the procedure
incorporated into the field testing in this study are present in Chapter 5.

Although the development of the SDD has been a recent addition, it has begun
to be used in research and support projects. Areas of US-281 near Fort Worth have
been tested in cooperation with Texas Department of Transportation. Results have
shown the SDD application as a viable alternative in accelerated pavement testing
applications. The SDD exhibits comparable results to more deliberate accelerated
pavement testing methods, such as the Texas Mobile Load Simulator (TXMLS),
which has been developed by Texas Department of Transportation in partnership with
the Center for Transportation Research (CTR) of the University of Texas at Austin.
This application focused on the rutting phenomenon with flexible pavements;
therefore data was reduced into permanent settlement curves, produced over the
cycling sequence (Stokoe et al., 2000). Figure 3.10 presents a comparison of the
permanent settlement observed in this testing. Trends exhibit similarities between the
RDD measurements and those measurements produced by the TXMLS.
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Figure 3.10 — RDD and TxMLS Comparison of Permanent Deformation (from
Stokoe et al., 2000)
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With regard to testing of rigid pavements, SDD has seen limited usage.
Recent full-scale PCC slab testing at the Ferguson Research Laboratory at the
University of Texas at Austin has shown promising results for rigid pavement
applications. During this research accelerated fatigue tests were performed under a
constant dynamic loading. Field results on full-scale slabs were compared to the
fatigue relationship on laboratory beams, where results were fundamentally identical.
Different from the beam fatigue behavior, the field slabs showed a stress
redistribution phenomenon during the crack propagation period. The conclusive
results showed that the SDD was found to be effective in SAP testing of a full-scale
rigid pavement system (Chul et al., 2004). Figure 3.11 shows the typical results
found in the field tests. Manifestation of cracking is seen by the sudden increase in

measured deflections at point of occurrence.
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3.8  SUMMARY
In this chapter, a detailed background on both the RDD and SDD capability is

presented. The development, methodology, and research conducted for each
respective capability are discussed. Both methods play a vital role in the field testing
presented in this study; use of the RDD enables continuous deflection profiling of the
entire Runway 16/34 at Fort Worth Meacham International Airport, while the use of
the SDD enables cyclic loading of test slabs to determine remaining life of a
pavement. The chapters which follow further build upon the understanding of these
two distinct methods of pavement testing and the capability each brings to this study.
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Chapter 4 — Testing Site at Fort Worth Meacham International
Airport

4.1  INTRODUCTION
As mentioned in Chapter 1, the purpose of this research was to determine the

remaining life of Runway 16/34 at Fort Worth Meacham International Airport in Fort
Worth, Texas. Prior to development of a load testing model and evaluation of the
measured response of the pavement, it was important to understand the history, usage,
and geologic setting of the airport. This background data enable a better
understanding of applied loads, anticipated loads, and observed response of the
pavement during testing. Information on construction of the airport along with as-
built drawings enable explanations of the observed response. Three years ago,
limited RDD deflection profiling was conducted at the airport. This preceding
research also provides insight into expected response and enables direct comparison
with current deflection measurements to better comprehend observed trends.

4.2  HISTORY OF FORT WORTH MEACHAM INTERNATIONAL AIRPORT
Fort Worth Meacham International Airport, which from this point is referred

to as “Meacham Airport” (FAA identifier: FTW), is located five miles north of Fort
Worth’s central business district at the intersection of Highway 287 and Interstate
820. The airport was originally constructed in 1925. Over its nearly 80-year
existence, it has experienced many changes in both form (configuration) and function
(operations). The present layout consists of two parallel runways and a single
crosswind runway, with a parallel taxiway to the main runway, Runway 16/34. The
two parallel runways have the designation Runway 16/34 (main runway) and Runway
17/35, while the crosswind runway is designated Runway 6/27. These designators
represent the direction of approach from true north of the bidirectional runways. The
far right zero in the degree heading is removed in the designation. For example
Runway 16/34 approach is from either the 160° or 340° heading.
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Runway 16/34 is comprised of reinforced PCC with a grooved surface.
Runway 17/35 and Runway 6/27 are both AC overlays. Figure 4.1 shows the location
of the airport. Figure 4.2 presents an aerial view over the main runway. Figure 4.3 is
a schematic of Figure 4.2 with runway designations. American Airlines was
originally based out of Meacham Airport, when it established its first hangar there in
1933. In 1953, all scheduled airline service was relocated to the nearby Greater
Southwest International Airport. Since 1953, the airport has been associated with
general aviation, corporate aviation, and student pilot activity (FTW, 2004).

Presently, the FAA reports a total of 219 aircraft based at Meacham Airport,
of which nearly 60% are single-engine aircraft. The majority of these smaller aircraft
utilize the shorter Runway 17/35. The crosswind runway rarely experiences any
significant traffic as it is used predominantly in training operations and emergency
landings.

Fort Worth (TX) City Area

Figure 4.1 — Location of Airport
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Figure 4.2 — Aerial View of Runway 16/34 (from TxDOT, 2004)
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Main Runway
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Figure 4.3 — Runway and Taxiway Layout (from AirNav, 2004)

43  FORT WORTH MEACHAM INTERNATIONAL AIRPORT USAGE DATA
From 1925 to 1953, Meacham Airport operations were focused on passenger

travel and cargo transport, in particular airmail. At the time, air travel was still in its
infancy and limited loadings and low repetitions were experienced by the airfield.
Following this period, the airport has transitioned into the operational mode of
general aviation, corporate aviation, and student pilot activity.

Airport usage data shows that Meacham Airport has not experienced the
physical expansion and traffic increase, commiserate with standard growth models.
Specific data has been obtained regarding total airport operations over the past 30
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years. Figure 4.4 illustrates the distinct ebb and flow characteristic of the total airport
operations over this period. Presently, the FAA reports an average 521
operations/day with over 50% of that being local generation, which is predominantly
lighter single-engine aircraft. The total operations in Figure 4.4 differ noticeably in
quantity from the officially reported data received from the FAA for determination of
traffic model for testing. This data received from the FAA covered a period of 1998
through May 2004. However, the totals from the actual data still convey the ebb and
flow characteristic seen in Figure 4.4. As can be seen from the trend in the figure, the
period of 1998 through 2000 illustrates a portion of the peak and valley trend typical
to the total airport operations over the life of the current runway pavement.
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Figure 4.4 — Total Operations from 1963-2000 (from TxDOT, 2001)

An inclusive list of every single operation from January 1998 through May
2004 was obtained from the FAA and Meacham Airport Air Traffic Control. A
representation of this data set is included in Appendix A (FAA, 2004). The
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methodology used in reducing this window of traffic data into specific data used in
determining the traffic data and loading scenario utilized in the SAP testing in this
study is discussed in Chapter 6.

44  GEOLOGIC SETTING OF AIRPORT
A significant factor in examining the structural capability of an airfield is

through examination of the existing soil composition and classification for that
region. The soil formation which exists in the surrounding area of Meacham Airport
can be classified as Lower Cretaceous; specifically the formation is referred to
Denton Clay (Barnes, 1972). Figure 4.5a illustrates the geologic setting for the area
surrounding Meacham Airport. A key outlining appropriate formations is included in
Figure 4.5b.
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Figure 4.5 — Geologic Setting of Meacham Airport (from Barnes, 1972)
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Denton Clay is a combination of alternating clay, marl, and limestone beds.
The clay is the predominant member of the formation, with the alternating units of
clay having a thicknesses 5 to 10 times that of the thicknesses of the marl and
limestone (Barnes, 1972). The clay is calcareous and known for its expansive
characteristics, exhibiting considerable shrink/swell behavior. The North Central
Texas Council of Governments (NCTCOG), Department of Environmental Resources
reports a plasticity index (PI) range of 21 to 40% for the setting of Meacham Airport,
with localized areas reaching as high as 50 (HAZMAP, 2003). This information is
based on USDA-NRCS (United States Department of Agriculture — National
Resources Conservation Services) Soil Survey Data. Swell potential is rated "very
high" for any plasticity index over 35 % (Holtz and Gibbs, 1956).

45  AIRPORT CONSTRUCTION AND AS-BUILT INFORMATION
Runway 16/34, the main runway, was constructed in 1975. The runway is

7,500 ft (2,286 m) in length and 150 ft (45.7 m) in width, constructed on both cut and
fill sections. Runway 16/34 is comprised of a layer of reinforced PCC pavement,
arranged in slabs of 25 ft by 25 ft (7.6 m by 7.6 m). The main runway contained six
“lanes” of single-slab widths. For ease of referencing, the lanes will be referred to as
lane 1 through lane 6. Lane 1 is the far west lane when orientated to north, with
successive lanes to the right. Pavement thickness ranges from 7 to 10 in (17.8 to 25.4
cm). The majority of the runway PCC pavement is 9 inches thick, with a thicker 10-
inch pavement used on the north and south end of the runway where heavier loading
is more frequent. The thickness of pavement tapers to 7 inches in areas where no
direct aircraft loading is expected, particularly the slabs in lane 1 and lane 6. The
subsurface pavement structure consists of 6 inches of cement-treated subbase and 5
inches of lime-treated subgrade. A typical cross-section of Runway 16/34 is shown in
Figure 4.6. Figure 4.7 gives a closer look at the sections denoted in Figure 4.6.
TxDOT Aviation Division supplied a complete set of as-builts. As-builts information
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was assumed correct unless conflicted by information obtained from the present-day
airfield visitations and surveys.

TYPICALI SECTION
- _RUNWAY _ T

| e
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Figure 4.6 — Typical Cross-Section of Runway 16/34 (from TxDOT, 1975)
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Over the past 29 years, Runway 16/34 has performed well, with typical
routine maintenance performed periodically. An extensive drainage project was
completed in 2002, which did not directly affect the continuity of Runway 16/34, but
required a construction cut through the pavement of the neighboring south end run-up
area. The most common distress from visual condition assessments was low severity
longitudinal cracking. This cracking is contained primarily to the outside lanes of the
main runway, concentrated between 1,200 and 2,200 ft (365.8 and 670.6 m) from the
south end of the runway. It has been estimated that only 20% of the actual take-off
and landing operations occur in this area (Lee et al., 2003), consequently direct
response from aircraft loading can be eliminated as the predominant cause of distress.

4.6 RDD TESTING AT FORT WORTH MEACHAM INTERNATIONAL AIRPORT
IN 2001

In May 2001, two longitudinal test paths were used in profiling Meacham
Airport. In addition, five transverse test paths were also profiled at selected locations
along the runway. The two longitudinal test paths were along the centerline of Lane 1
and Lane 3. Figure 4.8 illustrates the longitudinal test path orientation. All testing
was conducted at night between the 10:00 PM and 6:00 AM, during scheduled non-
flying hours.
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Lane 1 Lane 3

t 34

Figure 4.8 — RDD Profiling Paths Along the Longitudinal Centerlines of Lane 1
and Lane 3 of Runway 16/34

A general discussion on the methodology and test procedures involved with
RDD testing are presented in Chapters 3 and 5. Results from the 2001 RDD testing
included a general examination of the variability of the pavement structural condition
along the length of the runway. Four specific regions were analyzed, with pavement
deflection response and structural conditions being annotated. These four regions are
illustrated on the complete runway deflection profile for Lane 3 shown in Figure 4.9a,
Regions A, B, C, and D. The longitudinal test path along Lane 3 was used in the
analysis, because this is the region of the runway which comes into contact with the
majority of the traffic. From the overall pavement profile it is evident that there are
two types of transverse joints within Runway 16/34, each type exhibited a unique
response. The first type is an expansion joint, labeled as joints “A” in Figure 4.9b.
These joints exhibited higher deflections than the other joint type (doweled
contraction joints). Region A (Figure 4.9b) illustrates this phenomenon with

expansion joints and contraction joints, labeled “A” and “B” respectively.
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Figure 4.9 — RDD Deflection Profile Runway 16/34 (from Lee et al 2003)
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In examining the runway longitudinally, the region between 1,200 and 2,200
ft from the south end of the runway exhibited the highest deflections. This area is
represented by Region B in Figure 4.10a. Although this area experiences limited
traffic, the higher deflection can be attributed to the concentration of longitudinal
cracking. Region C (Figure 4.10b) represents the area between 2,500 and 3,500 ft
from the south end of the runway. This area is located in a cut section of the
subgrade and experiences limited and light traffic. Typically aircraft takeoff in the
south direction along Runway 16/34, so fully-loaded aircraft experience significant
lift by the time traffic reaches the region. Likewise, landing aircraft, lighter due to
fuel consumption, pass over the area enroute to parking aprons. Region B
experienced the lowest mid-slab deflections, inferring the highest pavement system
integrity along the runway. Region D (Figure 4.10c) experienced the highest average
deflections due to its high mid-slab deflections. This result is attributed to the
collective effects of experiencing fully loaded aircraft take-off, aircraft landing, and
the construction of Region D over fill material (Lee et al., 2004).
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One conclusion from the investigation showed a correlation between cut and
fill material and higher deflections, with few exceptions. A second conclusion was
that the effects of traffic also played a significant role, with the north end of the
runway demonstrating higher average deflections. Once again, the only significant
cracking distress was discovered in a region of low traffic and not in any of the highly
trafficked areas. Chapters 5 and 7 address the more robust collection of continuous
deflection profiles which occurred in this study. In Chapter 7, a comparison of
present day data to the data collected in 2001 is made to observe changes in
deflections with time, over a 3 year period of traffic and environmental effects.

4.7  SUMMARY
In this chapter, a framework of existing background conditions at the Fort

Worth Meacham International Airport in Fort Worth, Texas is established. The
information presented regarding history, usage, and geologic setting facilitates the
development of an accurate load testing model, presented in Chapter 6. This
information also supports the selected constraints applied to the testing within this
study, including applied loads and anticipated loads. Observed response of the
pavement during testing can be clarified through an understanding of the information
contained in this chapter. Information on construction of the airport along with as-
built drawings are presented along with the limited RDD deflection profiling
performed in 2001. This information and the 2001 research provide further insight
into expected deflection response of the runway and enable observation of any
deflection response changes, which have occurred over the 3-year period between
testing.
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Chapter 5 — Procedures for Airfield Pavement Assessment

51 INTRODUCTION
The following chapter focuses on the procedures and measures taken to assess

Runway 16/34 at Meacham Airport. The first step in preparing for the SDD SAP
testing and airfield assessment was a complete RDD deflection profiling, conducted
on each lane. The measured response from the main runway established a set of
deflection data which could then be used in determining potential test locations
outside the runway which yielded similar responses. The details surrounding the
development of an appropriate load frame for use in testing are also discussed.
Finally, specifics of the SDD SAP testing application are presented to detail the
selection of the final three test slab locations and the procedures surrounding the SDD
SAP testing application.

52  RDD TESTING ON RUNWAY 16/34
Previous RDD testing was conducted at Meacham Airport in June 2001. At

that time, two of the six lanes of Runway 16/34, Lane 1 and Lane 3, were profiled
longitudinally. As discussed in Section 4.6, the two primary findings included unique
joint movements pertaining to joint type and the localized effects due to cut/fill or
typical aircraft trafficking. Prior to beginning SAP testing with the SDD method, an
in-depth investigation of the runway was performed. This investigation included
profiling along all six lanes of the airfield as described below. A comparison of the
results from present day deflection testing to data obtained in 2001 is presented in
Chapter 7.

During the initial testing period in July 2004, a team from the Geotechnical
Engineering Program in the Department of Civil Engineering, University of Texas at
Austin, conducted a comprehensive RDD assessment of Runway 16/34 at Meacham
Airport. The team, composed of three graduate students and one technician, initiated
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each pass at the mid-slab point at the south end (34 end) of the runway, beginning at
Lane 1 and continuing through Lane 6. Figure 4.1 shows the testing orientation for
all six passes. Every 100 ft (every four slabs) in the longitudinal direction of the
runway, a point mark was placed so that precise locations could be referenced during
continuous RDD testing along the 7,500-foot long runway.

Lane 1 Lane 2 Lane 3 Lane 4 Lane 5 Lane 6
4 4 4 4 4 4

i 34

Figure 5.1 — RDD Profiling Paths Along the Longitudinal Centerlines of All Six
Lanes of the South End (34 End) of Runway 16/34

In the same manner as in 2001, RDD testing took place during airport-
designated, non-flying hours from 1000 to 0600 hours. Due to the challenges of
nighttime operation, each member of the four-person team served a separate and
important function during testing. A technician operated the RDD, ensuring location
(along the centerline of the slabs) and testing speed (approximately 1.0 mph). A
second team member acted as a “point man”, assisting the driver to ensure that the
RDD stayed on a straight path during testing. An additional member stood at 100-
foot markings to ensure marking data were recorded at the correct interval distances.
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The final member managed the computer-interface, data-retrieval system, validating
proper reading, retrieval, and logging of data.

Prior to RDD deflection testing, specific test-controlled parameters were
established. For the loading, a static hold-down force of 18 kips was utilized with a
16-kip peak-to-peak force (maximum of 26-kip and minimum of 10-kip load). In all
cases, a loading frequency of 35 Hz was used. These values are typical of test
parameters used in RDD deflection testing. The 16-kip peak-to-peak dynamic force
provided an ample load to produce a measurable deflection response. The slow test
speed of approximately 1.0 mph and the loading frequency of 35 Hz (which equates
to 35 load repetitions over 2.2 ft of test path), allowed development of a robust
deflection profile. Sensor #1, Sensor #3, and Sensor #4 were used during data
collection, Sensor #2 was out of service at the time of testing. Sensor #1 provided
deflection data directly adjacent to the loading rollers. Figure 5.2 shows the RDD and
the orientation of the sensors beneath the test vehicle. Note in this figure, the sensors
are in the up position for vehicle movement to a given test location and will be
lowered to pavement surface during testing operations. Figure 5.3 gives specific

dimensions for the sensor array.
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Figure 5.2 — Close-Up of Sensor Configuration for RDD Testing
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Figure 5.3 — Dimensions of Sensor Array
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Following completion of testing along the centerline of each of the six runway
lanes, additional RDD testing was conducted along three longitudinal joints on the
north end (16 end) of the runway (see Figure 5.4). This area of the runway has been
subjected to the most traffic, including fully-loaded aircraft taxiing prior to takeoffs,
actual aircraft takeoff operations, and the majority of the touchdowns during landing
operations. Tests were conducted with one loading roller positioned approximately 3
to 6 inches from the joint. A photograph showing the roller positioned prior to test
execution is presented in Figure 5.5. Testing was conducted along the initial 1,000 ft
(304.8 m) of the runway. The center longitudinal joint, between Lane 3 and Lane 4,
was tested on both sides. In addition, the inside edge of the longitudinal joints
between Lane 2 and Lane 3 and between Lane 4 and Lane 5 were also tested. Figure
5.4 illustrates these test paths.

Lane 1 Lane 2 Lane 3 Lane 4 Lane 5 Lane 6

N 16

Figure 5.4 — RDD Test Paths Used to Investigate Longitudinal Joints on North
End (16 End) of Runway 16/34
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Figure 5.5 — Loading Roller in Position to Test Longitudinal Joints

Several assumptions and sources of error that should be noted are embedded in the
RDD testing method. In general, RDD testing is not a true deflection measurement;
rather it is a relative measurement. Due to the continuous nature of testing, an exact
deflection response at an exact point with a specific load is not attainable (unless the
RDD device is stationary which is possible if needed). In addition, the 49-kip load
from the weight of the device, imposed on the pavement surface over the extent of the
wheelbase, will effect deflection measurements. Since this deformation due to the
weight of the RDD occurs over the continuous testing area, results are most
conclusive when compared along the linear test area. As with most testing methods,
the human element introduces possibilities of error. During testing, it is impossible to
keep the rate of movement constant. The varying speed rate can cause some areas to
endure additional loads per a given test length, causing the deflection response to
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deviate slightly from a true equal-rate response. In addition, the test relies on human
control for maintaining a linear test path. The natural wander in the steering controls
of the RDD makes this impossible. Therefore, results can deviate from the assumed
test path. Finally, the nighttime nature of operations for the RDD and human
exhaustion and fatigue also play a role in the probability for error. Notwithstanding
these potential sources of error, the RDD has proven to be an effective method for
determining relative deflections and subsequently relative stiffnesses of a pavement
structure over the extent of a testing area. Typical RDD test results and
measurements performed in this study are presented in Chapter 7. The complete set
of results, including additional deflection profiles of the longitudinal joints on the
north end of Runway 16/34, will be presented in a companion study (Nam, 2005).

5.3  SELECTION OF SDD TEST LOCATIONS
SDD test locations were determined by conducting both visual field surveys

and RDD profiling of potential locations. Any SAP testing that would be conducted
on Runway 16/34 would have to be accomplished during hours of darkness (non-
flying hours). Limitations of visual measurements and general testing operations
associated with nighttime testing, coupled with the limited 8-hour test period resulted
in a decision to locate the testing area on the taxiways and run-up areas. Figure 5.6
identifies each of the eight candidate SDD test areas on the taxiways or run-up areas.
Note the North and South Run-Up areas are also referred to as the North and South
End-Arounds.
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Figure 5.6 — Candidate Locations for SDD Testing
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Prior to beginning the SAP testing portion of the study, an as-built review and
visual survey was conducted of all candidate locations. The objective of this
selection process was to find pavement test slabs at candidate test locations which
matched the pavement on Runway 16/34. The pavement needed to be similar in
composition, thickness of layers, cut or fill section, and visual appearance and
condition. Not all six taxiway and two runway end-around locations produced viable
prospective test locations. Taxiway A-5 only contained 6 in. of PCC, compared with
the 9 and 10 in. of Runway 16/34. Taxiway A-2 has been resurfaced and now
features the original 9 in. PCC with an AC overlay. A typical cross-section of
original taxiway pavement has been included in Figure 5.7 to illustrate taxiway
composition.
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Figure 5.7 — Taxiway Cross Section (CBI, 1972)

Upon completion of the visual survey, three final candidate locations were
selected: (1) Taxiway A-6, (2) South Run-Up area (34 end), and (3) North Run-Up
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area (16 end). Taxiway A-6 is composed of a 9-inch thick PCC layer, similar to the
thinner portions of the runway. The Taxiway A6 candidate location is indicated on
Figure 5.6 with a cross-hair circle, the only symbol located on the taxiway between
the main runway and parallel taxiway. Both run-up areas have a PCC thickness of 10
in., the same thickness as the first 1000 ft of both ends of the runway. These three
candidate locations were selected due to the similar dimensions and visual condition
to Runway 16/34. Figure 5.8 illustrates the typical section and composition of the
three test locations along side a typical section of the Runway 16/34. Upon
completion of the visual survey and correspondence of as-built information, RDD
profiling was performed on the three candidate locations. The three final candidate
test locations are denoted with crossed circles in Figure 5.6. In addition to matching
the physical properties, the objective of RDD testing was to match the deflection
profiles of the candidate location to that of problematic areas of the runway. Similar
responses in the three areas would allow more accurate correlation of test location
data to actual runway conditions.

. South/North
Taxiway A6 Run-U Runway 16/34
un-Ups
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Figure 5.8 — Layer Dimensions for Final Candidate Test Locations

60



Once again, assumptions had to be made and sources of potential errors
needed to be highlighted in the test location selection process. First, all as-built
information was assumed correct. Visual surveys were conducted to highlight any
changes and alterations to the pavement since construction in 1975. Key airport
maintenance personnel were conferred with to ensure original concrete was assessed
when the visual survey was questionable. It was also assumed that if the deflection
profiles at the test locations were comparable to the profiles measured on Runway
16/34, then they could be assumed to be representative of the main runway. Even
though the test locations were not part of the main runway, the test sections were
found to be similar in age and condition. Apparent sources of error and variation
include the fact that no two in-service concrete pavements are exactly the same,
because subsurface conditions and concrete composition vary which may cause
different situations to produce similar deflection responses. A more extensive round
of testing encompassing a greater number test points could further enhance the
findings of this study by providing additional data covering a larger range of testing

locations.

54  LoAD FRAME CONFIGURATION
In order to load a pavement over a specific load footprint, a load frame needed

to be configured and constructed. Various load frames have been used in the past, as
previously mentioned in Section 3.6. The principal challenges with designing a load
frame for SAP testing is the stability, contact locations, and contact pressure
distribution with the pavement during dynamic load application.  Previous
configurations have been found unstable and a challenge in maintaining contact
during dynamic loading. Rubber pads have been used to improve load distribution
across contact areas with limited success. Previous SAP testing operations have
found rubber pads to be ineffective; the super-accelerated nature of the testing has led
to deterioration of these pads. Direct contact between the pavement surface and steel
pads has proven to be successful and was used for all testing conducted herein.

61



Previous SDD SAP testing conducted on flexible pavements has included the
use of a steel reference frame, in addition to a load frame. This reference frame
provided a point of reference for vertical displacement transducers. The focus of the
previous testing was the permanent deformation (rutting) of a flexible pavement,
which required a reference point for deformation over time (Stokoe et al., 2000).
Figure 5.9 shows a typical arrangement for dual-wheel loading used in previous
testing applications. A different load frame was constructed for use on full-scale rigid
pavement slabs (Suh et al., 2004). This load frame consisted of welded and braced
steel 1-beams with circular loading pads. The load frame configuration formed a T-
shape with three circular loading pads. A schematic of this load frame is presented
with associated dimensions in Figure 5.10.

Steel Disk:
Diameter = 18.7cm

Thickness = 2.5 cm I Cyclic

\ l Static

Figure 5.9 — Example Load Frame Arrangement for Dual-Wheel Footprint
Representation for Testing Flexible Pavements (Stokoe et al., 2000)
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Figure 5.10 — Schematic of Load Frame and Configuration of Loading Pads for
Testing PCC Mid-Slab Regions (Suh et al., 2004)

The existing load frame had a single load transfer point. To enable load
transfer from the dynamic system to the pavement, a load point was employed which
consisted of a 4 in. diameter steel round cut to form a disc with a thickness of 0.75 in.
The disc was welded to the geometric center of the frame configuration and the
loading pads. This set up effectively distributed 33.3% of the load onto each pad, as
seen in Figure 5.10. For the SAP testing performed in this research, a dual-wheel
load was desired. A dual wheel load configuration was desired since 46% of the
traffic analyzed was either dual-wheel or dual tandem gears. Although the amount of
single-wheel traffic was roughly the same, the dual-wheel traffic represented the
majority of the total quantity of loading imparted on the airfield and therefore became
the desired model for load configuration. The dimensions for the circular pad were

already established under the previous research. The footprint created from the dual-
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wheel configuration was on the order of 2.5 times the area of the highway design
standard of 18-kip axle with dual wheels, making it acceptable for aircraft traffic
modeling. Since this testing was conducted on rigid pavements, it is the total load
rather than the contact stress that governed the pavement response and performance.
Therefore tire pressure was not considered, but rather total load imparted by aircraft.
The use of total load helped to further simplify the traffic data, since data from over
120 aircraft (with varying weights, tire pressures, and frequencies) were incorporated
into the traffic model. A comparison of load frame induced stresses and deflection
responses to actual aircraft footprints using a finite element model is discussed later
in the chapter. It should be noted, that results of finite element analysis, further
support load frame configuration as a viable representative of aircraft loading.

Adding a “third wheel”, to the dual-wheel footprint discussed above, would
less accurately represent aircraft traffic loading conditions and dimensions. To ensure
proper load application, an additional load point was welded to the center point
between the top two wheel loads, effectively the center point of the cross bar of the
“T” configuration. Figure 5.11 shows the same schematic as in Figure 5.10, but with
the added load points. In addition to the load point for dual wheel load equivalence, a
supplementary point was placed over the other end (base of the “T”) for single wheel
load equivalence. This point was positioned for future research and applications; it
was considered too unstable under the SDD loading performed in this study. Final
determination between a two-wheel load configuration and a three-wheel load
configuration was resolved during field operations at Meacham Airport. A decision
prior to actual onsite testing was not attainable due to equipment scheduling and
obligations, the SDD configuration of the RDD would not be installed until in the
field, directly prior to the testing within this research, eliminating a chance to test the
altered load frame.
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Figure 5.11 — Schematic of Altered Load Frame and Configuration of Loading
Pads

In making the final selection to use a two-wheel loading frame configuration
instead of a three-wheel load frame configuration, several assumptions had to be
made. Prior to a field operations check to ensure the load frame was stable and to
determine which configuration would be used during actual field testing, it was
assumed that the two-wheel (dual wheel) loading scheme was preferred. Ultimately,
the dual wheel configuration more accurately represents the majority of the traffic
experienced by the airport. The “third wheel” provided no analytical advantage, only
additional stability under dynamic loading. A sensitivity analysis was performed
using EverFE finite element computer program. EverFE is a 3-D finite element
analysis tool developed jointly by the University of Maine and the University of
Washington, with funding by California and Washington State Departments of
Transportation. The solver is a multi-grid, preconditioned conjugate gradient
algorithm utilizing un-nested mesh sequences, with a maximum meshing sequence of
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12 by 12 (Davids, 2004). This analysis has been included in Appendix B for
examination and review. The analysis allowed a comparison of the stress induced in
the pavement by a two-wheel loading scenario versus a three-wheel loading scenario
for the same given load. Through sensitivity analysis a scalable factor was determine
to apply to a three-wheel loading scenario to produce the same induced stresses as a
given two-wheel loading scenario, for center, edge, and corner load points. Upon
commencing field testing, it was determined that dual-wheel loading was a reasonable
method to be utilized during testing. The scalable factors from the previous
mentioned analysis were not required for this study, but have been included in
Appendix B for use in future studies of the same load frame. An additional
assumption was made that the two-wheel loading scenario enabled an equal 50/50
load distribution between the two circular loading pads. Although the frame
configuration was rigid, it was assumed that the load produced on the “third wheel”
would be negligible for the SAP testing conditions, given the load point directly
between the two pads. To verify this assumption, future studies should include load
cells in all three “wheels” of the load frame.

5.5 SDD APPLICATION

5.5.1 Test Pad Locations
Upon completion of preliminary RDD testing and selection of SAP testing

locations, four extended days of testing began in August 2004. Prior to
commencement of SAP testing, operation checks were performed on all equipment,
including calibration of the load cell used as the contact point between the dynamic
load system of the SDD and the load frame. Each selected slab was tested at three
load locations typically used when examining stresses and deflections in rigid
pavements: center of the slab, edge of the slab, and corner of the slab. The three load
locations, on each slab, are further discussed within the SAD SAP testing procedures
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in Section 5.5.2. Location, orientation of accelerometers, and dimensions for all three
load locations are illustrated.

Due to the nature and orientation of the RDD testing during the first phase,
longitudinal deflection profiles along the middle of each lane were measured on the
runway. These data show the action of traffic crossing the transverse joints. For that
reason, transverse joints with comparable deflections and load transfer relationships
were selected and tested. At Meacham Airport, the transverse joints were comprised
of three types: expansion (1 1/4-in. wide with neoprene sealant), contraction (7/16-in.
wide with 1-in. diameter smooth dowel and neoprene sealant), and dummy (3/8-in.
wide with neoprene sealant). As noted, only contraction joints contained a load
transfer mechanism beyond aggregate interlock. Longitudinal joints were comprised
of two types: construction joint with keyway (7/16-in.) and construction joint with tie
bar (7/16-in. wide with #5 rebar). As-built drawings did not delineate specific joint
type for a specific slab location (CBI, 1972). Visual surveys and field judgment were
used to surmise conditions and type of joint at each test slab with the desire to test
“the worst case”; hence, the 3/8-in. dummy joints without load transfer mechanism.

Under the SDD SAP testing performed, transverse joints were analyzed under
edge and corner loadings. Transverse joints experience “true” load transfer
conditions under traffic loading, where as mid-slab areas cycle between loaded and
unloaded conditions with each pass. These joints experience a high volume of
repetitions, are situated perpendicular to expected traffic, and rely solely on aggregate
interlock at transverse dummy joints. Under a moving wheel load, one side would be
fully loaded, whereas the other side would have no external load. After movement of
the aircraft landing gear past the joint, the loading condition would reverse; this
succession of loading and unloading leads to one of the prominent manifestations of
distress in rigid pavements, pumping (Miller and Bellinger, 2003).
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SAP Testing Location on Taxiway A6

Testing commenced with operations at the location on Taxiway A6. Taxiway
A6 consisted of the thinner 9-in. PCC pavement. The test location was within the
typical area of traffic movement. However, with six active taxiways on Meacham
Airport, Taxiway A6 received a limited amount of traffic applications in comparison
to Runway 16/34. The specific location of the selected slab is shown below in Figure
5.12, with the orientation of the RDD test paths denoted. To ensure the test slab
tested was comparable to the runway pavement, deflection data were compared. The
deflection data gathered on the mid-slab and joint slab were 4.0 and 7.1 mils
respectively. These deflection values are comparable to the target deflection data
from Runway 16/34. Figure 5.13 shows RDD deflection measurements from the test
path with the test slab highlighted. Table 5.1, presented at the end of this section,
summarizes all respective mid-slab and joint deflection data for all three test slab
locations. Specific slab data is presented for the test locations, while a range is given
for Runway 16/34. The range is obtained from data which is presented in detail in
Section 7.2.2.
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Figure 5.13 — RDD Deflection Response for Taxiway A6 Test Path




SAP Testing Location on South Run-Up

Following testing and data collection on Taxiway A6, the SDD equipment
was relocated to the south end of the runway. At the South Run-Up area, another slab
was tested. The south end run-up area was comprised of multiple-age PCC,
constructed and repaired over periods of expansion and drainage reconstruction, since
the original construction 29 years ago. The South Run-Up area consisted of a 10-inch
thick PCC pavement. Testing was orientated on the slab as shown below in Figure
5.14. The test location was within the area of traffic movement, however the south
end run-up area received limited traff